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Abstract
It is pointed out that the recent data on charge fluctuations ob-
served in heavy ion collisions are compatible with production of a
system of weakly correlated constituent quarks and antiquarks.
It was recently suggested [1, 2] (see also [3, 5, 4]) that measurements of the
quantity
D = 4
< δQ2 >
< Nch >
(1)
can be used to distinquish the hadron gas in equilibrium from the quark-gluon
plasma.
It was then argued in [3] that -after appropriate corrections for resonance
production are taken into account- D ≈ 3 for the hadron gas whereas for the
quark-gluon plasma D ≈ 1.
The preliminary data from CERES [6], NA49 [7] and STAR [8] experi-
ments indicate that the measured value of D is close to that predicted for
hadron gas and differs markedly from that expected for QGP, i.e. for a
weakly correlated quark-gluon system.
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This rises a question: what kind of structure of the partonic system pro-
duced at the early stage of collisions may be compatible with these experi-
mental results? The present note is an attempt to answer this question.
The first observation is that the estimate of the numerator in (1) is rather
straigthforward. The argument (essentially the repetition of the argument
given in [2]) goes as follows. Let us consider a system of several particle
species (labelled by i) with charges qi and multiplicities ni. Since
Q =
∑
i
qini → < Q >=
∑
i
qi < ni > (2)
we obtain
< δQ2 >≡< Q2 > − < Q >2=
∑
i
(qi)
2 < ni > +
∑
i,k
c
(2)
ik < ni >< nk > qiqk (3)
where c
(2)
ik are the normalized two-particle correlation functions:
c
(2)
ii =
< ni(ni − 1) >
< ni >2
− 1; c
(2)
ik =
< nink >
< ni >< nk >
− 1 if i 6= k
(4)
If particles are uncorrelated the second term in (3) vanishes. Moreover,
one notes that the first term is the sum of only positive quantities, whereas
in the second term cancellations are possible. For example, if all normalized
two-particle correlations are identical, one obtains
< δQ2 >=
∑
i
(qi)
2 < ni > +c
(2) < Q >2 . (5)
and thus the second term disappers when < Q >= 0.
From now on we shall thus restrict the discussion to the case when the
second term can be neglected and thus
< δQ2 >=
∑
i
(qi)
2 < ni > (6)
For pion gas this means
< δQ2 >=< n+ > + < n− >=< Nch > (7)
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and thus
D = 4. (8)
For a quark-gluon system we obtain
< δQ2 >=
1
9
(4 < nu > + < nd > +4 < nu¯ > + < nd¯ >) (9)
(gluons of course do not contribute). In the simplest case when abundances
of all quarks are identical we have
< δQ2 >=
5
18
< Nq > (10)
where < Nq > is the total number of quarks and antiquarks.
To calculate D it is, however, also necessary to estimate < Nch > and
this is of course model-dependent. The question is the role of gluons. If they
decay into q − q¯ pairs before making hadrons, the number of hadrons may
be very large. This is what happens in the QGP scenario. And this is the
reason of the small value of D obtained in [1, 2]. The argument is based
on entropy. Qualitatively: since gluons have a large entropy, they have to
produce many particles. Some of them will be charged and thus contribute
to the denominator of (1).
If one considers the q− q¯ coalescence scenario [9, 10], however, the result
is very different. In this scenario gluons are attached to quarks (forming con-
stituent quarks) and thus do not provide important contribution to entropy.
Hadrons are created simply by coalescence of the (constituent) q − q¯ pairs.
Consequently, the total number of hadrons is about 1/2 of the total number
of quarks and antiquarks:
< Nh >=
1
2
< Nq > (11)
It is natural to assume that 2/3 of them are charged, so that we obtain
< Nch >=
2
3
< Nh >=
1
3
< Nq > . (12)
and thus
D =
10
3
= 3.333 (13)
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which is only slightly smaller than (8).
The values of D given by (8) and (13) should still be corrected for res-
onance production [2]. Since the difference between them is fairly small,
however, one should not expect a great difference between the corrected re-
sults, either.
We thus conclude that the data on charge fluctuations are not incom-
patible with the idea that a (quasi)uncorrelated constituent quark system is
created before hadronization. This observation strenghtens earlier arguments
leading to the coalescence picture of hadronization (see e.g. [9] -[13]).
Two comments are in order.
(i) The present data are given for fairly small rapidity intervals and thus
important effects of charge transport between the boundaries of the consid-
ered phase-space region may be present [14, 15], destroying the argument of
Refs. [1] and [2]. This effect may perhaps also be responsible for the rather
large values of D (exceeding 4) observed at SPS energies [6, 7]. Data for
larger intervals would be very useful to sort out this question.
(ii) An argument similar to that presented here can be also applied to
fluctuations of the net baryon number [1, 4]. The formulae (2) - (6) are valid
with the substitution of the charges by baryon numbers. In particular, for
the hadron gas we have
< δB2 > =
∑
i
B2i < ni >=< NB > (14)
whereas for a parton system one obtains
< δB2 > =
1
9
< Nq > . (15)
Thus the ratio < δB2 >/ < Nch >≈ 0.1 for the QGP while it is expected to
be about three times larger in the coalescence model. Again, the corrections
for resonance decays must be included to obtain a realistic estimate.
(iii) The constituent quark coalescence model discussed here can also be
intepreted as a quark-gluon plasma far from equilibrium. This poses an
apparent problem, because it has been shown in numerous papers [16] that
the equilibrium scenario agrees very well with the data, in particular with
those on particle ratios (chemical equilibrium). As I have already mentioned,
however, particle ratios were analysed in detail by the Budapest group [9, 12]
and the coalescence model was also found to be in excellent agreement with
4
data. I thus feel that it deserves a serious attention. Clearly, however, more
work is needed to clarify fully the situation.
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